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PREFACE

In March 1987 the City of Kingman contracted wth Boyle
Engi neering Corporation to prepare a Master Drainage Plan for
the greater Kingman Area. The work was to include a Drainage
Design and Adm ni strative Manual, A Master Drainage Plan, a nore
detailed analysis of the Bull Muntain Drainage Basin, and an
Executive Summary of the entire project.

The results of the study are presented in the follow ng

docunent s:

Executive Sunmary
Mast er Drai nage Pl an
Appendi ces - Volume 1 Hydrology/Hydraulic Details

Appendi ces - Volume 2 Bull Muntain Basin
Sout heast Area Drai nage

Desi gn and Adnministrative Manual

Thi s docunent is the Design and Adm ni strative Manual .
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1. I NTRODUCTI ON

This Design and Admnistrative Manual has been prepared to fill a need for a
uni form basis of design for urban stormwater drainage systems in the Gty of
Ki ngman and surroundi ng environs.

Adoption of these standards and procedures by the Gty of Kingman and Mbhave
County will result, in the long term in a comon standard of drainage anenity.

Their adoption by nenbers of the private sector will result in tinme and effort
bei ng saved by both designers and government review staff, due to the reduction
in the necessity for amendnents to submitted drainage proposals and designs.

There may be circunstances where departure from these standards may be
justified, but in the case of the private sector, concurrence for any such
departure shall be obtained from the relevant jurisdiction's Engineering
Departnent (ENG NEER) before design is commenced.
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2. DRAI NAGE PQLI CI ES

The policies established herein express the approach to drai nage managenent by
the jurisdictional agencies in the Gty of Kingman and surrounding environs in
Mohave County. The policies are divided into four categories:

Pl anni ng
Conveyance

St or age

Admi ni strative.

The policies are intended to direct planning and design of inprovenments wthin
i ndi vi dual devel opnent s. Adherence to the policies is desirable regardl ess of
t he si ze, location or extent of the area being planned. The rmgj or
dr ai nageways, addressed in the Kingman Area Master Drainage Pl an, have been
planned with these policies as a guideline. M nor drainageways, which collect
and convey storm runoff to rmmjor drainageways, should also be planned in
accordance with these policies.

2.1 PLANNI NG
1. The City of Kingman and WMhave County shall establish and publish

criteria for drainage planning and design and shall adopt criteria
relevant to all public and private drainage interests.

2. All  storm drainage facilities shall be planned and designed in
accordance with the criteria set forth in this Drainage Design and
Admi ni strative Mnual. The criteria contained herein my periodically

be revised or anended as new technology is devel oped and/ or experience
gained in the use of this document.

3. Al'l persons proposing to modify or inpact drai nageways through |and
use changes or developnments shall prepare and inplement corrective
drai nage plans which shall mtigate existing or anticipated drai nage
probl ens. Such plans shall be coordinated with the conprehensive
Master Drainage Plan and wth stated planning goals and objectives,
and shall consider a conbination of structural and non-structura
measures.

4. Dr ai nage pl anning shall involve concerned publics.

5. Drai nage planning for developrents shall be carried out in the
earliest stages of the planning process. The proposed net hods of

managi ng drainage and associated I|and use shall be reviewed by the
Cty or County early in the process.

6. Storm drainage shall be considered a sub-system of the overall urban
system and storm drainage planning for all devel opments shall include
the allocation of space for drainage facilities.

7. Multiple use of drainage works is encouraged, provided the use does
not adversely inmpact the functional design of the system

Page 2-1
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8. Drai nage plans shall include a full range of preventive and corrective
approaches, in accordance with stated conprehensive planning goals and
obj ectives, including the follow ng:

Mai ntaining the integrity of existing drainage patterns;

Establishment of selected nmmjor drainage routes by the use of
pur chase, dedication, devel opment rights, and easenents;

Design of adequately-sized conveyance systens for the mnor and
maj or storns;

Storage and attenuation of stormmater runoff; and
Construction of drainage works.
The conbination of strategies shall balance engineering, economc,
envi ronnent al , and soci al factors in relationship to stated
conpr ehensi ve pl anni ng goal s and objecti ves.
2.2 CONVEYANCE
1. Drai nage systens shall be designed to convey nui sance runoff from the

nore frequent mnor storm of 10 years and to nininize najor danage
fromthe 100 year storm event.

2. Drai nage planning and design shall be based on the principle of not
increasing or transferring detrimental drainage effects to other
ar eas. Inter-basin transfer of stormdrainage runoff is to be avoided

and the historic drainage path should be maintained within the basin.

3. Mai nt enance access shall be provided to all storm drainage facilities
to assure continuous operational capability of the drainage facilities
including inlets, pi pes, culverts, channels, ditches, hydraulic

structures, and detention basins located on private |and.

2.3 STORAGE
1. To elimnate adverse inpacts on downstream properties from upstream
devel opnent, stormmater detention facilities mnmay be necessary as a

conponent of an overall drainage system

2. When storage is utilized, the facilities shall be sized to limt
downstream flows for the 10 and 100 year storms, to the greater of
historic levels, or the capacity of the downstream conveyance system

3. Ofsite flows shall not be routed through the storage facilities
wi thout proper consideration of its inpacts on the operation of the
facility. Al plans proposing routing of offsite flows through

storage facilities shall be approved by the ENG NEER
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4. Wherever possible, storage facilities shall be located In parks or
other recreational facilities to offset the cost of open space and to
encour age i nproved mai nt enance.

2.4 ADM NI STRATI VE

1. All  plans developed for the <collection, conveyance or detention of
storm water runoff within the Gty of Kingman and surroundi ng environs
shal | be reviewed and approved by the ENG NEER

2. A Drainage Report shall be submtted to the ENG NEER for all proposed
devel opnent s. For the purpose of this document, devel opnents shall
include all parcels of land for which a plat (prelimnary or final) is
being subnitted. If, during the Pre-Prelimnary Plan Meeting, the

ENG NEER determines that there 1is no significant inpact on drai nage
resulting from the proposed devel opnent, he nay waive the requirenent
for a Drai nage Report.

3. The responsibility for the planning, design, construction and
mai nt enance of nmjor and m nor drai nageways shall be as foll ows:

Table 2.1 Drai nage Responsi bility

El ement Wthin Gty Linmts Qutside City Limts

MAJOR DRAI NAGEWAYS

Pl anni ng Cty County
Desi gn Cty County
Construction City/ Devel oper Count y/ Devel oper
Mai nt enance Gty County
M NOR DRAI NAGEWAYS
Pl anni ng City/ Devel oper Count y/ Devel oper
Desi gn City/ Devel oper Count y/ Devel oper
Construction Ci ty/ Devel oper Count y/ Devel oper
Mai nt enance Gty Count y
4, Maj or drai nageways shall be designated on the Kingnan Area Master

Dr ai nage PI an.
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3. DRAI NAGE PLANNI NG

Drainage planning is for the purpose of mnimzing inconveni ence and reducing

flood damage and potential 1loss of life. The benefits of planning reduce
overall public and private costs, while providing a drainage infrastructure
that will account for the inplenentation of |ong-term devel opnent goals.

Drainage planning helps to achieve orderly, efficient, pleasant and diverse
devel opment of a conmmunity. Acconpl i shnent of the conprehensive goals and
objectives can be assisted by a broad drainage planning process. Such a
process should be considered within the context of the total environnenta
system and should be conpatible w th conprehensive regional plans.

Al devel opments wthin the comunity shoul d proceed with drainage planning at
the wearliest possible opportunity during the developnent process. St orm
drai nage occurs regardless of the level of drainage planning, however, costs
and inpacts to the developer and the community can be mnimzed with proper
pl anni ng. The identification of unified drainage policies, as presented in the
precedi ng chapter, provides the necessary direction

It is wvitally inportant that planning precede devel opnent for the follow ng
reasons: to ensure drainage problens are not transferred fromone |ocation to
another; nultiple wuse opportunities are not lost, and the cost for overal
drainage facilities are kept to a m ni num

The maj or elerments in planning include:
Mast er Pl anni ng
Site Planning
3.1 MASTER PLANNI NG
A Master Drainage Plan for the Kingnman Area has been prepared for the Cty and

County and published as a separate docunent The naster drai nage plan describes
t he recoormended plan for mjor drainage and the course of action for

implementation in terns of priorities. 1t shows sizes, types and |ocation of
maj or drainage facilities on maps in sufficient detail to allow for planning
new devel opnent. The Drainage Design and Admi nistrative Manual is intended to

be an adjunct to the Kingman Area Master Drai nage Pl an.

The Master Pl an devel oped for the Kingman Area addresses nmjor drai nageways and
does not explicitly address mnor drainageways. The planning and design of
i mprovenents along mnor drai nageways should be acconplished in accordance wth
this Drai nage Design and Admi ni strative Manual .

The intent of the Master Plan is to provide a plan for the conveyance of flood
waters along major drainageways wth a mnimmdisruption to the comunity.
The plan includes the identification of inprovenments consisting of conbinations
of channels, pipes, culverts, natural drainages and retention which bal ance al

t he conflicting needs of the comunity. In many cases the inmediate
i mpl ementation of the Mster Plan recommendations is not feasible, therefore
estimates of required rights-of-way have been nmade to provide corridors for
future construction.
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The recurrence interval which Mster Planning is to consider is the 100-year
flood (mmjor). This is generally acconplished by sizing systens which convey
the entire flood flows; however, in areas of intense existing devel opnent this
may consist of systens designed to convey the ten-year flood (mnor) with sonme
additional provisions such as flood proofing or levees to mnimze inpacts
associated with a major event.

3.2 SI TE PLANN NG

Pl anning of drainage for individual developments is to be consistent with the
intent of the Master Drainage Plan and with the requirements presented in this
Drai nage Design and Admnistrative Manual. The intent of the on-site planning
effort is to provide a systemwhich conveys stormflows fromtheir point of
origin to the major drainageway in a controlled fashion.

The on-site drainage system may consist of a conbination of conveyance and
storage conponents. Conveyance conponents may include open channels, pipes,
cul verts or natural drainageways which control flooding for the mnor storm and
mnimze damage fromthe major storm  Storage conponents may consi st of basins
sized as needed to elimnate adverse inpacts downstream for the 10 and 100-year
storm with an appropriately sized spillway to pass events in excess of the
100-year flood without damage.

The planning of drainage facilities shall encourage the use of facilities for
mul tiple purposes. In this way the conpeting demands for |and and open space
can best be satisfied. Drainage facilities can be used for other purposes and
facilities not designed specifically for drainage can provide drainage benefits
if properly designed.

Planning and design of drainage systens shall include consideration of inpacts
on upstream and downstream properties and/or existing drainage systens.
Adverse inpacts shall be elimnated wherever possible. Specifically, the
di version of storm runoff from one drainage area to another introduces
significant legal, social and technical problenms and shall be avoi ded unless
specific reasons justify such a transfer. Al diversions shall be approved by
t he ENG NEER

The pl anning of drainage facilities shall include consideration of the
ri ght-of-way requirenents. Ri ghts-of -way shall be dedicated at the tine of
platting for all facilities not planned within streets or other dedicated
public rights-of-way. Easenents will not be acceptable for uses other than
Mai nt enance access.

The results of site drainage planning shall be contained in a Drai nage Report,
sealed by a civil engineer registered as a professional engineer in the State
of Arizona.
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4. BASI S OF DESI GN

4.1 DRAI NAGE CLASSI FI CATI ON
All drainageways w thin the Kingnan Area shall be classified as either "mjor"
or "mnor" drai nageways. These drai nageways are so designated based on their

tributary drai nage area and general hazard and interest.

Maj or Drai nageways generally serve areas greater than 150 acres. For the
Kingman Area the major drai nageways have been identified in the Kingman Area
Mast er Drai nage Pl an.

Because of their designation as major drainageways in the Master Plan,

i mprovenents along these channels have been planned. Design, construction and
mai nt enance of Major Drainageways wll be the responsibility of the rel evant

jurisdiction as shown in Table 2.1. Wen public funds are unavail able, private
devel opers may design and construct drainageway inprovenents follow ng review
and approval by the ENG NEER

M nor Drai nageways are defined as all drains which collect stormrunoff and
convey it to mmjor drainageways. These drains are normally associated with
subdi vi sion developnent and are to be designed and constructed by devel opers
subject to the review and approval of the ENG NEER  Mintenance of these
facilities 1is generally by the local jurisdiction unless special arrangements
have been nade between the devel oper and the Gty or County.

4.2 RUNOFF COVPUTATI ON

Runoff for areas less than 150 acres may be established using either the
Rational Method or the SCS Method. Runoff from areas greater than 150 acres
shall wuse the SCS nethod. The data for these two procedures is presented in
Section 5 of this Manual .

4.3 HYDRAULI C DESI GN

Al hydraulic <calculations wused in the design and analysis of channels and
storm sewers shall be based on the principles of continuity and conservation of
ener gy. Friction losses for channels and pipes shall be determ ned using
Manni ng's equati on. Brief descriptions and necessary data for the nobre conmon
el enents in urban drainage design are given in Section 6 of this Mnual.

4.4 DESI GN RECURRENCE | NTERVALS

Drai nage systenms shall be designed to convey nuisance runoff fromthe nore
frequent minor stormof 10 years and to mninize maj or damage fromthe 100 year
storm event.

Runoff from the 10 year storm shall be contained within the street section with
no curb overtopping. Were no curb exists, the maxi mum depth of water shall be
0.5 feet over the crown. Runof f from the 100 year storm shall not enter
buil dings and when flowi ng along streets, shall be contained within the street
ri ght - of - way.
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5. FLOOD ESTI MATI ON

A hydrologic study shall be perforned for each proposed devel opment unless in
the opinion of the ENGNEER it is not required. When a study is required it
shall define peak flows and vol umes necessary for designing the nminor and major
drai nage system Peak flows and volunmes shall be estinmated using one of the
fol |l owi ng net hods:

1) Rat i onal
2) SCSs
3) Hydr ogr aph Met hod

For large basins it may be necessary to perform nore sophisticated anal yses

whi ch generate flood hydrographs. At the Pre-Prelimnary Plan Meeting, the
ENG NEER wi || determine the need for nore detailed anal yses.
5.1 RATI ONAL METHOD

The rational nmethod may be used to determine peak flows and runoff vol unes for
areas less than 150 acres. The Rational Equation relates rainfall intensity, a
runoff coefficient and drainage area size to the direct runoff fromthe
drai nage area. This relationship is expressed by the equation:

Q- Cl A
wher e: Q —the runoff in cubic feet per second (cfs) froma given area.
C - a coefficient representing the ratio of runoff to rainfall.
| - the rainfall intensity in inches per hour.

A —the drainage area in acres.

5 1.1 Runoff Coefficient C

The runoff coefficient C represents the cunulative effects of infiltration,
evaporation, surface retention, flow routing, surface cover and roughness,
ground slope and interception on peak runoff. The range of coefficients, wth
respect to land use are given in Table 5.1.

Table 5.1 Rational Method Runoff Coefficients

Roof s and Pavenents 0.90

Commer ci al / I ndustri al 0. 80

Residential (Mre than 8 units/acre) 0.70

Residential (4 to 8 units/acre) 0. 60

Residential (1 to 4 units/acre) 0.50

Mobi | e Home Par ks 0.55

| rproved Open Space 0. 30

Uni nproved Open Space Hydrol ogic Soil G oup
A B C D

Fl at : 0-2% 0.04 0.16 0.32 0.48

Average: 2-6% 0.07 0. 28 0.50 0.63

St eep: Over 6% 0.21 0.45 0. 64 0.77
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5.1.2 Rai nfall Intensity |

The rainfall intensity | is the average rainfall intensity in inches per hour
for a duration equal to the tine of concentration of the basin. For urban
storm water basins, the time of concentration (t.) consists of the tinme
required for runoff to flow over the ground surface to the nearest point of
concentration (to), and the tine for concentrated flow to reach the point
under consideration (ty).

tc-t0+td

Figure 5.1 can be wused for estimating to The maxi nrum overland flow | ength
used in the determ nation of to shall not exceed 500 feet.

DISTANCE IN FEETY
"TIME IN MINUTES

Figure 5.1 Overland Time of Flow Curves
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The ty can be estimated by determning the length fromthe point where flows
first concentrate to the point wunder consideration and dividing this flow
length by the average velocity in the channel. The average velocity can be

determined from Table 5. 2.
Table 5.2 Approxi mate Channel Velocities

Aver age Sl ope of Channel Average Velocity
(Percent) (feet/second)

courAwN
coooo

Usi ng t he tinme of concentration (t.) established above, the rainfall
intensity can be established from Figure 5.2.
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Figure 5.2 Kingman Area Frequency-Duration-Intensity Curves
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5.2 SCS METHOD

The SCS nmethod may be wused for all basin areas |less than 10-square nmiles to
determine peak flows. A detailed description is provided in Technical Release
No. 55 "Urban Hydrology for Snall Watersheds"” (TR-55). The application of this
met hodol ogy within the Kingman area shoul d be consistent with TR-55.

5.2.1 Preci pitation
VWhen wusing the nmethodol ogy for determining peak flows presented in TR-55, the

total 24-hour rainfall depth should be wused. For the Kingman area, the
appropriate depths for various recurrence intervals are presented in Table 5.3.

Table 5.3 Rainfall Depth - Inches

Dur ation Recurrance Interval (Years)
(hours) 2 5 10 25 50 100
24 1.50 2.19 2.63 3.22 3.68 4.15

5.2.2 Curve Nunber Determ nation

The curve nunmber (CN) is a function of soil type and cover. The soil types are

gr ouped by hydrologic soil <classifications ranging from A (low runoff
potential) to D (high runoff potential). Figure 53 presents the hydrol ogic
soil group classification within the greater Kingman area. A typical |and use

may be assigned an appropriate CN or a conposite OCN can be devel oped by
analyzing the wvarious conponents individually and developing a weighted CN
Table 5.4 provides the OCN values by |land use and soil group for the Kingman
area. These may differ from those presented in other references; however,
these shall be used in all studies to be reviewed by the ENG NEER

Table 5.4 SCS Curve Numbers by Land Use

Land Use Hydrol ogic Soil G oup
A B C D

Roof s and Pavenents o8 98 98 98
Commer ci al /I ndustri al 81 88 91 93
Residential (Mre than 8 units/acre) 78 86 90 92
Residential (4 to 8 units/acre) 69 80 87 90
Residential (1 to 4 units/acre) 56 71 81 86
Mobi | e Honme Par ks 73 82 88 90
| nproved Open Space 44 65 77 82
Uni nproved Open Space

Fl at: 0 - 2% 51 68 79 84

Average: 2-6% 50 74 83 88

St eep: Over 6% 68 79 86 89
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5.3 HYDROGRAPH METHOD

Numer ous hydr ograph net hods exi st which can be used to determ ne peak flows and
volumes for planning and design purposes. The specific nethodol ogy to be used
shall be reviewed by the ENG NEER.  Specific paranmeters used in the nethodol ogy
shall be consistent with those presented herein.
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6. HYDRAULI C DESI GN

The collection and conveyance of stormrunoff is generally a conbination of
street and gutter systens, storm sewer systens, and open channels. The
hydraulic analysis of these conponent parts is all based on the fundanenta
principles of continuity and conservation of energy.

Hydraulic analysis of open channel or pipe systens is a conplex topic to which
many books have been devoted. The information presented in this Drainage
Design Manual is intended to repeat the basic equations used in nobst storm
drai nage system analyses. Because of the dynamic nature of stormflows, other
net hodol ogi es nust frequently be enployed to accurately represent the system
mat hematical | y. It is the engineer's responsibility to assess the antici pated
hydraulic conditions of the storm sewer and to apply the appropriate theory and
conput ati onal techni ques.

6.1 HYDRAULI C COVPUTATI ONS

Al hydraulic calculations used in the design and analysis of channels and
storm sewers shall be based on the principles of continuity and conservation of
energy. The continuity equation states:

Q=AY
wher e: Q —di scharge in cubic feet per second
A - area in square feet
V -

velocity in feet per second

The conservation of energy principle states that energy between sections nust
be accounted for. This is generally done using Bernoulli's equation with a
head | oss term

d1+zl+V12-dz+zz+V22+h1

2g ' 2g
wher e: - depth of flow in feet
- elevation of invert in feet
velocity of section in feet per second
- acceleration due to gravity in feet per second squared
1 - head losses due to friction and turbul ence in feet

d
z
v
g
h

Friction |l osses shall be determ ned using Manning's equation

1.49 a R 2/3 5. 1/2

Q=

n

Q - discharge in cubic feet per second

n - Manning's roughness coefficient

A - area in square feet

R - hydraulic radius in feet

Sr - slope of the energy grade line in feet per foot
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Uniform flow occurs in a channel when the water surface is parallel to the
channel bottom  Non-uniformflow occurs in a channel when the water surface is
not parallel to the channel bottom

The Manning equation is sufficient to describe uniformflow However, the
Bernoul li equation must be used to describe non-uniformfl ow. It is necessary
to recognize which type of flow condition prevails. Uniform flow generally
occurs in long channel reaches of constant or nearly constant properties.

VWhen non-uniform flow occurs, the designer should recognize "controls", and
draw a generalized flow profile. Controls are channel cross sections for which
the depth and velocity are known or can accurately be estinmated.

Manni ng's roughness coefficient "n" used in hydraulic conputations shall be in
accordance with Table 6.1.

Table 6.1 Manning's n Coefficients

Mat eri al Manni ng's n
Rei nforced Concrete Box and Pipe . 012
Corrugated Metal Pipe . 024
Corrugated Metal Pipe (Miltiplate) . 035
Asphalt Lined Corrugated Metal Pipe . 012
Asphalt Lined Channels . 016
Concrete Lined Channels . 015
Curb and Qutter . 015
Soil (Sand-Silt) Channels . 030
Ri p- Rap Channel s . 040
G ass Channel s . 035
Nat ural Channel - Sand/Silt . 030
- Cunp Gasses . 033
- Turf Gasses (maintained) . 035
- Unmai nt ai ned G asses . 040
Fl oodpl ai n - Native Vegetation . 055
- Devel oped . 070
6.2 STORM SEWERS

The capacity of the storm sewer system should be such that a conbination of
pipes and streets can convey the 10-year flows at acceptable levels of
i nundat i on. Using prelimnary street grades and cross sections, calculate the
al | onabl e carrying capacity for the streets. Beginning at the upper end of the
basin, calculate the quantity of flow in the street until the point is reached
at which the allowable <carrying -capacity of the street matches the design
runof f . The storm sewer system starts at this point. The allowable street
capacity plus the storm sewer capacity must equal or exceed the design flow

The hydraulic design of a storm sewer system should be based on the procedures

set forth in this Manual. A Manning's n value should be determ ned and applied
as necessary, treating the conduits as either open channels or pipes flow ng
full. The energy grade Iline and the hydraulic grade Iline should be
cal cul at ed. Manni ngs equation shall be the basis for pipe friction losses with
junction and transition | osses as shown in Figure 6.1.
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Figure 6.1 Minor Losses at Structures
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Figure 6.1 (cont’d) Minor Losses at Structures
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In addition to the hydraulic design of pipe systens as presented herein, sone
practical guidelines should also be adhered to.

Table 6.2 Storm Sever M scell aneous Design Criteria

MANHOLES
M ni mum dr op t hr ough manhol e 0.1
one | ateral 0.2
| ateral s 0.3
Maxi mum spaci ng - | ess than 36" Dia. 400'
greater than 36" Dia. 500
Pl PELI NES
M ni mum si ze - mai n 18"
inlet |ateral 15"
6.3 OPEN CHANNELS

Open channels are frequently used for the conveyance of large flows. Costs are
generally less than pipe systens and the need for elaborate inlet systems is
reduced. Channels are often described as natural or artificial. Natura
channels include all water courses that have occurred naturally by the erosion
process, while artificial channels are those constructed or devel oped by human
effort.

The hydraulic properties of natural channels vary along the channel reach and
can be either controlled to the extent desired or altered to nmeet given

requirenents. Natural channels nust frequently be protected from erosi on due
to high velocity flows or protected fromexcessive silt deposition due to |ow
vel ocities. If a natural channel is to be used for carrying stormrunoff from

an urbanized area, the altered nature of the runoff peaks and vol unes from
urban devel opmrent may cause additional erosion. Det ai | ed hydraulic analysis
will be required for natural channels to identify the erosion tendencies.

Artificial channels are <created to convey flows in a controlled environnment.
Frequently it is necessary to stabilize the body of the channel, protect the
soil mass of the bed and banks, and control the novenent of particles along the
channel bottom This may be acconplished by providing a hardened |ining of
concrete, soil cement or rock, providing a vegetative |ining which protects the
surface and bonds the soil particles together, or by controlling velocities to
a range which results in neither aggradation nor degradation. The hydraulic
analysis of open channels often requires an analysis of rapidly varied flow or
sediment transport capacity. In critical channel sections, the ENG NEER shal
determne the appropriate |level of analysis required to review the design

The principles of continuity and conservation of energy apply to open channe
flow in both natural and artificial channels. Mnning's equation shall be used
with appropriate values of n. Head | osses associated with transitions and
other changes in channel geonmetry shall be estimated using the follow ng
equation and coefficients given in Table 6.5
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h, =K, — ——
t
¢ 2g 2g
where: :
h, = head loss due to geometry in feet
K, . = loss coefficient due to expansion or contraction

212 _ 222 = absolute difference in velocity head

- 2g 2g
Table 6.3 Transition Loss Coefficients K,
Transition Type Severity Ke
Expansion . Abrupt .5
Expansion Gradual .2
Contraction - Abrupt .3
Contraction . Gradual .1

Additional design criteria for open channels is given in Table 6. 4.

Table 6.4 Open Channel Miscellaneous Design Criteria

FREEBOARD

Suberitical Flow 0.5 + 22
(Froude Number less than 0.8) iz
Supercritical Flow : Conjugate depth + 1°
(Froude Number greater than 1. 2)
Minimum ' _ 1.0¢
VELOCITY (Unlined Channels) _
Minimum . 10 year .. 2 fps
Maximum * - 10 year 7 fps
- 100 year 10 fps

* When hardened linings are used this value may reach 20 fps
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6.4 CULVERTS

Culverts are wused to convey flow beneath roadways crossing the drai nageway.
They typically extend from one side of the road to the other connecting
natural drai nageways or open channels. |In some poorly defined washes they
nmerely provide a nmechanismfor flows fromone side to reach the other without
overtoppi ng the roadway.

For this discussion, culverts include concrete pipes, corrugated netal (CM. )
pi pe and arch sections, and concrete box culverts. All such culverts have a

uni form barrel cross section throughout. The culvert inlet may consist of
the culvert barrel projected from the roadway fill or mtered to the
embankment sl ope. Sonetines inlets have headwalls, wngwalls and apron

sl abs, or standard end sections of concrete or netal.

There are two nmmjor types of culvert flow flowwith inlet control and flow
with outlet control. For each type of control, different factors and
formulas are used to conpute the hydraulic capacity of a culvert. Under
inlet control, the cross-sectional area of the culvert barrel, the inlet
geonmetry and the anmobunt of headwater or ponding at the entrance are of
primary inportance. Qutlet control involves the additional consideration of
the elevation of the tailwater in the outlet channel and the sl ope, roughness
and length of the culvert barrel.

6.4.1 Inlet Contro

Inlet control neans that the discharge capacity of a culvert is controlled at
the culvert entrance by the depth of headwater (HW and the entrance

geonetry, including the area, shape and type of inlet edge. Wth inlet
control, the roughness and length of the culvert barrel and outlet conditions
(including depth of tailwater) are not factors in determning culvert
capacity. The barrel slope has sone effect on discharge, but any adjustnent

for slope is considered minor and can be neglected. Figures 6.2 to 6.5 give
headwat er - di scharge rel ationships for culverts flow ng under inlet control

6.4.2 CQutl et Contro

Qutlet control in a culvert inplies that the flow through the culvert is
controlled by downstream paraneters. The total head required to force flow
through the culvert is conposed of velocity head and friction and entrance
| osses. This head nust be added to the elevation of the downstreamwater
surface elevation and subtracting the change in invert elevation through the
pi pe to determ ne the required headwater.

Figures 6.6 to 6.9 have been included to directly determne the total head
required w thout solving for the individual conmponent parts of the tota
head. Figure 6.10 wll assist in the determnation of the type of contro
and the governi ng head.
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7. STREET DRAI NAGE

7.1 ALLOMBLE | NUNDATI ON OF STREETS

Design standards for the collection and conveying of runoff water on public
streets is based on an acceptable frequency of traffic interference. That
is, depending on the width (and hence classification) of the street, certain
traffic lanes can be fully inundated after exceeding the design storm
frequency.

Street drainage shall be governed by Table 7. 1.

Table 7.1 Design Storm Frequencies for Street Drainage (Years)

LONG TUDI NAL STREET FLOW
No curb overtopping * 10
(For 4 or nmore laned streets at |east

1 traffic lane free of water in each direction.)

Flow to be cal cul ated assuming contained in 100
right-of-way with top water elevation within
1 foot of |owest finished floors.

CRCSS STREET FLOW
No flow across streets ** 10
1.0 feet of depth at crown 100

Where no curb exists, maxinum depth to be 0.5 feet over crown
** Except at designated dip crossings.

Regardless of the size of the culvert, bridge or dipped section, the street
crossing is to be designed to convey the 100-year storm runoff under and/or
over the road to an area downstream of the crossing to which the flow would
have gone in the absence of the street crossing.

For flows <crossing broad shallow washes where the construction of a culvert
is not practical or desirable, the road should be dipped to allow the entire
flow across the road. The pavenent through the dip should have a one way
slope and curbing and nedians nust not be raised. For these situations
approval is to be obtained fromthe ENG NEER

7.2 GUTTER FLOW

Longitudinal street flow for events less than the 10 year recurrence interva
will frequently be contained within the street section by the curb and
gutter. The calculation of a theoretical gutter capacity can be perforned

using Manning's equation as previously presented. Because spl ashi ng, waves
from traffic and cars parked in the gutter frequently reduce the actua
gutter capacity, a reduction factor nust be applied to theoretical flow to
determne actual gutter capacity. Figure 7-1 presents a nonograph for
al l onabl e gutter capacity and already includes a reduction factor.

Page 7-1
Al18- OG35. DOC



1
-+
T

TRIH 1] b m __ R ¥
;_ _ “ T ) m _ Vi
i : ] m i ;

| W LI

sefl il il

E T4 ” s i “f1f1 “_11 mu....
hm iK1 EEI R LI T TTRE s : "
T AT TR I _
..mn EIT il : H. dE : _." ”
B il A AR EE ] o
ETETIm | 3t |
T.:_w... " : HE m
For L H LR _
' ” ' q H

- g
. f—— _+——-—- -

Qoo o~ w5 ™ ™ MW s N s

(532} mm.E.:m N_“._m ALIJVdY) 378YMOTTY

T B 930

3

]

STREET SLOPE (%)

WY

-]

Capacity

Figure 7.1 Allowable Cutter

Page 7-2

Al18-0035. DOC



7.3 I NLETS

Inlets provide the opening for stormmater to enter the storm sewer system The
inlets nmust be sized to intercept flows fromthe streets before exceeding the
capacity of the street section and without surcharging storm sewer pipes.

There are three types of inlets allowed in the Kingnan area:

Curb Inlet
Gated Inlet
Conbi nation Inlet

Inlets are further classified as being on a continuous grade or in a sunp. The
term continuous grade refers to inlets located where the grade of the street
has a continuous slope past the inlet and, therefore, pondi ng does not occur.
The sunp condition exists whenever water ponds at the inlet. A sunp condition
can occur at a change in grade of the street frompositive to negative, or at
an intersection due to the crown slope of a cross street.

The capacity of inlets is dependent upon depth of flow in the gutter, area of
inlet opening, gutter and cross street slope and inlet depression. The
capacity nust be reduced to reflect actual conditions which may include debris
accumul ati on and street overl ays.

7.3.1 Cont i nuous G ade

For the continuous grade condition, the capacity of the inlet is dependent upon
many factors including gutter slope, depth of flowin the gutter, height and
length of curb opening, street cross slope, and the amount of depression at the
inlet. In addition, all of the gutter floww Il not be intercepted and sone
floww || continue past (carryover) the inlet area.

The capacity of the standard inlets has been prepared in nonograph formand is
shown on Figure 7.2 (curb opening) and 7.3 (conbination). The val ues represent
al l onabl e capacity for curb opening and conbination inlets on continuous
gr ade. Gated inlets alone are not recomended on continuous grades because of
their hydraulic inefficiencies and their tendency to trap debris.

7.3.2 Sunp Condition

The capacity of the inlet in a sunp condition is dependent on the depth of
ponding above the inlet. Typically, the nunber and length of inlets or depth
of flow required to intercept a given flow anbunt nust be calculated. Figure
7.3 relates depth of ponding to inlet capacity for various inlet types.

7.3.3 I nl et Spacing

The optimum spacing of storm inlets on continuous grade is dependent upon
several factors including traffic requirenments, contributing |land use, street
slope, and distance to the nearest outfall system The suggested sizing and
spacing of the inlets is based upon the interception rate of 70%to 80% This
spacing has been found to be nore efficient than a spacing using 100%
interception rate. Using the suggested spacing, only the nost downstream inl et
in a devel opment woul d be designed to intercept 100% of the flow
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8. STORAGE BASI NS

VWhen storage is proposed as an elenment of the overall drainage system the
storage facility shall be sized to limt downstream flows to historic |levels
for the 10-year and 100-year storns or to the capacity of the downstream
conveyance facilities assumng full basin devel opment, whichever is greater.

8.1 VOLUME REQUI REMENTS

The volune required for detention storage shall be devel oped utilizing the
met hodol ogi es presented in TR-55.

8.2 BASI N DI SCHARGE

Storage facilities, when proposed, shall be designed to linit the discharge
from the facility during the 10-year and 100-year storns to historic |levels
or to a level which, when conmbined with fully-devel oped, undetained flows in
the remainder of the watershed, does not exceed the capacity of the npst
restricted conveyance facility downstream In no case is this discharge
required to be less than the historic flow rates.

An energency spillway, or other approved nechanism shall be provided which
is capable of <conveying flows in excess of the storage capacity of the
facility through the retention facility. The capacity of the overflow shall
be based on the size of the retention facility and the potential downstream
hazard, but shall have a m ninum capacity of the peak 100-year discharge

8.3 DESI GN CONSI DERATI ONS

The design of storage facilities involves many considerations. The follow ng
list presents sonme additional standards which are to be inmposed on the design
of the facility.

Freeboard - There shall be a 1-1/2 foot freeboard from the water
surface elevation of the design storage volune to the |owest
bui | di ng el evati on.

Bottom Slope - The bottomof all basins shall be sloped toward
the discharge points. The mnimum bottom slope shall be 1.0
percent.

Side Slopes - Side slopes shall conformto the foll ow ng:

Side slopes adjacent to public rights-of-way, or when there is
pedestrian access to that portion of the basin, shall have a
m ni mum si de sl ope of 4:1.
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Retaining walls (i.e. vertical slopes) may be used in areas

adj acent to permanent walls, fences, etc., which restrict
access.
Parking Lot Retention - The naxinum depth of ponding in parking
lots shall not exceed one foot, nor shall it exceed 0.15 feet at

the mdpoint of any parking space. All dedicated streets shal
remain free from ponded water resulting fromretention

In addition to the design standards set forth above, aesthetic inprovenents are

suggest ed. It is intended that storage basins present an aesthetically
pl easi ng appearance. The Design Engineer should endeavor to "contour" the
sides and bottom of the basin to enhance appearance through varied sl opes.
Curvilinear sides nay be wused in lieu of long stretches of straight Iines.

Side slopes may be varied (i.e. start with 4.1 then change to 6-7:1 or nore and
with appropriate use of Ilandscaping, side slopes may even be reduced to 3:1.
Bottom areas may be contoured to varying depths.
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9. ADM NI STRATI VE PROCEDURES

The Gty of Kingman and Mhave County have established adninistrative
procedures to direct the preparation and submi ssion of drainage reports and
i nprovenent pl ans. The procedures supplenent the Subdivision Application
Procedure and Approval Process as stated in the subdivision regulations.

9.1 PRELI M NARY MEETI NG

Before preparing the prelimnary plan for a subdivision, the applicant should
discuss with the Planning Director the procedure for processing a subdivision

pl at and the requirenents as to general layout of streets and for
reservations  of | and, street i mprovenments, drainage, sewerage, fire
protection, zoning, and simlar matters, as well as the availability of
exi sting services. The Planning Director shall also advise the applicant,

where appropriate, to discuss the proposed subdivision with those officials
who nust eventually approve the aspects of the subdivision plat com ng under
their jurisdiction.

9.2 PRELI M NARY DRAI NAGE REPORT
A prelimnary drainage report, prepared by an engi neer registered to practice

in the State of Arizona, covering the details of flood conditions and the
specific effects of floods on the area being subdivided, shall be submtted

with the prelimnary plan. This report shall include a discussion of
historic drainage conditions, the proposed drai nage system inpacts from
upstream flows on the project, and inpacts of the project on downstream

properties.

A Pre-Prelimnary Planning neeting with the Gty or County Engineering
Depart nent is recomended prior to preparing the prelimnary drainage
report. This is to fanmiliarize the Engineering Departnent with the proposed
project and to facilitate discussions regarding potential drainage problens.
At this neeting the ENG NEER nmay wai ve the need for a drainage report.

The prelimnary drainage report shall be typed and five (5) copies shall be
submitted. An outline of the prelimnary report is given in Table 9.1.

9.3 FI NAL DRAI NAGE REPORT

A Final Drainage Report shall be submitted as part of the Final Plat
package. This detail ed drai nage report, prepared by an engi neer registered
to practice in the State of Arizona, shall expand upon and nodify the
Prelimnary Drainage Report. The contents of the Final Drainage Report shall
support the designs presented in the Inprovenment Plans subnitted as part of
the Final Plat package. The Final Drainage Report shall be typed and bound
and five (5) copies shall be submitted. The outline of the report is the
sane as for the Prelimnary Drai nage Report.
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Table 9.1 Drainage Report Cutline

1. TI TLE PAGE
a. Type of Report
b. Project name
c. Preparer name, firm date
d. P.E seal of preparer
e. Jurisdiction

2. | NTRODUCTI ON
a. Site location/description
c. Project description
d. Relevant existing flood hazard and drai nage studies

3. HI STORI C DRAI NAGE SYSTEM
a. Mjor basin description
b. Sub-basin and site drainage

4, PROPCSED ( DEVELOPED) DRAI NAGE SYSTEM

a. Size of basin and subbasins

b. Devel oped flow rates and paths (10-year and 100- Year)

c. Storage volunes, depths, release rates and nethod

d. Streets depth and velocity of flow for 10 and 100-year storms

e. Open channels type of lining, depth and velocity

f. Stormsewers, culverts and inlets design flows and capacities
5. CONCLUSI ONS

a. Discuss inpact of devel opnment
b. Conpliance with applicable criteria
C. Conpliance with floodplain nanagenent regul ati on ordi nance

Cal cul ations shall be subnmitted as an appendix to the prelimnary drainage
report. The cal cul ations need not be typed but shall be legible and orderly.

A Site Map and Drai nage Plan shall be subnitted together with the report with
a size no larger than 24"x36". The map and plan shall include

S| TE LOCATI ON MAP

a. Project name, scale, north arrow

b. Site location

C. Major drainage and sub-basin boundaries

S| TE DRAI NAGE PLAN
a. Project name, scale, north arrow
b. Existing and proposed contours to USGS datum
0-2% 2 foot
2-15% 5 foot
\ . Above 15% 10 foot
Location and el evati on of benchmarks
Street nanes and grades.
Exi sting and proposed property lines, drainage easenents
Exi sting and proposed flood plains, major channels and storm sewers
St orage pond | ocation
Seal by professional engineer licensed to practice in Arizona.

Sa o oo
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9.4 FI NAL DRAI NAGE PLAN CHECKLI ST

As part of the review of the subnitted inprovenent plans, a Final Drainage Plan
Checkl i st shall be prepared by the ENGNEER during the review of the
Prelimnary Drainage Report. This checklist will identify conponents of the
drai nage plan which are proposed during the planning stage and assure that they
are included in the final Drainage Report and | nprovenment Plans. Table 9.2
presents the checklist.

Table 9.2 Final Drainage Plan Checkli st

Fi nal Drai nage | mpr ovenent
Report Pl ans
1. Title Page
Proj ect Name
Pr of essi onal Engi neer Seal
2. Site Boundary Map (Vicinity Map)
3. Hi storic Drai nage System Sketch N A
4, Proposed Drai nage System Sketch N A
5. Det ai | ed Drai nage Pl ans H A
6. Sub- basi n area delineation N A
7. 10 and 100-year flow cal cul ations N A
8. St orm Sewer
Pi pe Sizes/Capacities
Cul vert Sizes/Capacities
Inlet Sizes/Capacities
9. Storage (if proposed)
Vol une Cal cul ati ons
Rel ease Rate and Met hod
Overfl ow Met hod
10. Uni que Features ldentified
i n Drai nage Report
1
2.
3.
4,
Page 9-3

Al 8- 0035. bCC



